Since the discovery of the Hill reaction (9, 10, 11, 12) , there has accumulated considerable evidence (5, 7, 10, 14, 15, 16, 17, 20) indicating that it is indeed a partial reaction of photosynthesis. And in particular there is evidence that the normally limiting dark reactions of photosynthesis and the Hill reaction are identical (5, 7) .
Numerous substances inhibitory to photosynthesis and the Hill reaction have been studied, and in certain cases the site of action of the inhibitor has been localized in more or less detail. The inhibition of photosynthesis of Chlorella by deuterium oxide was shown (6, 18) to have the characteristics of a dark reaction inhibition, but the experimental data give no indication of which dark reaction is sensitive. By means of flashing light experiments, it may be possible to determine whether or not an inhibitor affects the normally rate-limiting dark reaction; thus the inhibition by cyanide was shown (19, 23) not to affect this reaction in Chlorella and Scenedesmus. Similar studies have not been reported for other inhibitors which inhibit only at high light intensities and the reaction responsible for light saturation of Chlorella photosynthesis (and presumably also of the Hill reaction) remains one for which no specific poison has been certainly established. The experiments reported here were preliminary to an attempt to decide whether deuterium oxide is an inhibitor of this reaction. No decision can be made on the basis of data so far obtained. The present paper is particularly concerned with a comparison of the effects of deuterium oxide on the light saturation curves of photosynthesis in Chlorella and of the quinone Hill reaction of whole Chlorella cells. As an aid in interpreting these results, the effect of pH on the rate of the quinone Hill reaction of Chlorella at low and at saturating light intensities is also reported. The cultures were removed from the culture chamber during their logarithmic growth phase, and left for at least 12 hours in the dark at 2°C before use, and all operations on the cells, preliminary to setting them up in an experimental run, were performed at 20C. Cells were centrifuged out of the culture medium (pH 4.8) and resuspended in culture medium to the desired cell density. Cell density was measured by obtaining the optical density, at 675 m,u, of a suitable dilution of suspension in a 1 cm thick cuvette with a Beckman DU spectrophotometer; optical densities of suspensions at one half their experimental concentrations varied from 0.8 to 1.2. In experiments lasting several days the stock cell suspension was stored in the dark at 2°C.
MATERIALS AND METHODS
In order to insure that comparable salt solutions in D20 or H20 had exactly the same content of dissolved substance, suitably small aliquots of a stock solution were dried down in a vacuum desiccator and made up to their former volume in D20 or H20, as the case might be. In the case of Warburg No. 9 carbon dioxide buffer (21), it was found that a solution subject to the treatment described had a pH only negligibly different from the stock solution from which it was derived and, therefore, only a negligible amount of CO2 was removed from it.
Cell suspensions in a desired medium were obtained from the Because of this phenomenon, cells were always adapted to a medium other than culture medium for at least three hours and not more than twelve. Quinone solutions were prepared from sublimed quinone which was dissolved in 0.01 N H2SO4.
The D20 was used without purification as supplied by the Stuart Oxygen Company by authorization of the U. S. Atomic Energy Commission. The nominal concentration of the D20 was specified as 99.8 percent. Isotope analyses with a mass spectrometer on diluted aliquots of this heavy water were performed with a precision sufficient to confirm the first two digits only.
The light source was a 500-watt reflector spot tungsten filament bulb. An acid solution of ferrous sulfate, which was shown to exclude heat effects in the manometric measurements, was interposed between the light source and the experimental material. Changes in light intensity on the experimental material were effected, down to When light intensity was a critical factor to control, all runs in a series were made at the same position in the bath, using the same vessel and the same light source run at a known and constant voltage. Unless otherwise specified, the concentration of quinone in an experimental cell suspension before the light was turned on varied from 0.020 to 0.022 percent. The cell suspension density varied from 3.5 to 5.0 1d of wet packed cells per ml, and therefore respiration should have been inhibited by the quinone to a rate below the limit of manometric measurement (5) . That photosynthesis is absent or negligible under these conditions was demonstrated in an experiment in which the mass spectrometer was employed as a measuring instrument. The general method has been described previously (4) except for a change in the spectrometer gas inlet leak which was incorporated into the male joint of the Warburg-type vessel as explained elsewhere (3) . The measurements, although made by a different physical method, were entirely comparable to manometric measurements except that both oxygen and carbon dioxide partial pressure charges wvere determined independently by the mass spectrometer. The results of the experiment are showin in figure 1 . During the light period only a negligible change in carbon dioxide was observed.
In these experiments there were frequent cases where a relatively high initial rate of oxygen production from quinone fell, within 10 to 20 minutes, to a lower rate which remained quite constant for some time. There was often some difficulty, therefore, in determining an initial rate, even though 2-minute readings were taken at the beginning of a light period. Figure 2 illustrates the phenomenon being discussed. figure 3 , the results of Craig and Trelease (6) , indicating that D20 inhibits a dark reaction in the photosynthesis of Chlorella, could be reproduced with the material used in these experiments. The effect of D20 on the quinone Hill reaction, however, is quite different as can be seen from figure 4, where the upper set of saturation eurves was obtained at pH 6.6 and the lower set was obtained at pH 7.43. In gathering the data at pH 6.6 no systematic attempt was made to adapt the cells to the medium of pH 6.6 for at least three hours. However, this seems not to have affected the validity of the results, judging from the internal consistency of the data and from the ratio of the saturation rate at this pH to that of the lower set of curves at pH 7.43, which is just about the ratio one would expect on the basis of data obtained relating pH and the saturation rate of the quinone Hill reaction. The character of typical data used in getting the points of figure 4 is shown in figure 5 . Unlike photosynthesis, where the inhibition by D20 markedly decreases at low light intensities, there appears to be no diminuition of the inhibition of the quinone Hill reaction at low light intensities.
In Brodie increase during first 6 minutes. The triangles are for "linear" riate in H20 and the closed circles are for "linear" rate in D20. The curves are drawn through the points determined from linear rate. The X's are for "initial" rate in H20 and the plus signs are for "initial" rate in D20.
Upper set of curves: Determined at pH 6.6 in potassium phosphate buffer. Concentration of quinone present before light was turned on was 0.011 percent. Temperature 14.0°C.
Lower set of curves: Determined at pH 7.43 in mannitol borate buffer. Temperature 14.6°C. dissociation of weak acids of critical physiological importance accompanying changes in pH. Is it not possible that D20 exerts its influence on the Hill reaction also by affecting the degree of dissociation of weak acids?
Rather than rely on ambiguous theoretical considerations, it was felt that an empirical approach to this problem would be more satisfactory. It consisted in determining how " pH inhibition " affects the saturation curve of the quinone Hill reaction in an H20 medium. If it has the characteristics of a dark reaction inhibition, then it is not possible to attribute the D20 inhibition of the quinone Hill reaction simply to the effect of D20 on degrees of dissociation of weak acids. A comparison made between the saturation curves at pH 6.6 and at pH 7.3 showed that " pH inhibition " disappeared at low light intensities.
The inhibitory behavior of D20 on the quinone Hill reaction appears to be like that shown by narcotics (17, 21, 22) , by ultraviolet light (1, 13) , and by hydroxylamine (17, 23) on photosynthesis and on the Hill reaction. The difficulties encountered in explaining these latter peculiar inhibitions would also apply to the D20 inhibition. There is yet, however, another difficulty in the case of the D20 inhibition, for, supposing that the Hill reaction is a partial reaction of photosynthesis, why should D20 have qualitatively different effects on photosynthesis and on the quinone Hill reaction? This difficulty might be resolved by looking upon the inhibitors in the Hill reaction as the combination of D20 and quinone which has an effect different from that of deuterium oxide alone on photosynthesis. And this could be related to observations of previous workers (5, 7) that, at light intensities insufficient to saturate the quinone Hill reaction, its rate is considerably lower than the rate of photosynthesis. It follows from these considerations that the inhibition of Hill reactions by D20, using oxidants other than quinone, may not differ qualitatively from the inhibition of photosynthesis.
THE QUINONE HILL REACTION OF CHLORELLA FROZEN IN DRY ICE: In an attempt to obtain material which would be more stable in time than fresh Chlorella kept in the dark at 2°C, a Chlorella suspension with an optical density at 675 mu of 1.20 (when at one half its experimental concentration), which had been stored for about 40 hours in the dark at 2°C in M/15 potassium phosphate buffer of pH 7.3 and then made up as small aliquots in H20 or D20 solutions of this same salt composition, was frozen down quickly in dry ice. By analogy with results on isolated chloroplasts (8) which had been similarly treated, the Hill reaction activity of these cells should remain constant for at least several months, and, by spot runs in saturating light of the quinone Hill reaction of cells frozen in H20, it was shown that it remained constant at least during the time when cells frozen in H20 and D20 were being compared.
An attempt to determine comparative saturation curves of the quinone Hill reaction of cells frozen in figure 6 . The upper series of D20 points-the triangles being for reaction in H20 and the closed circles for reaction in D20-illustrates the peculiar, continuously bending character of the D20 curve here as compared with the D20 curve of figure 5, where saturating light was also used, but with fresh Chlorella. At low light intensity the D20 curve again has a continuously bending character, and, unlike the D20 curve of the quinone Hill reaction with fresh Chlorella at low light intensities (see figure 5) , the D20 curve here, as far as one can tell, corresponds initially with the H20 curve. These data, then, demonstrate two differences between the quinone Hill reaction of fresh and frozen Chlorella: 1) the stability of the reaction of frozen Chlorella during the time the reaction runs is less than that of fresh Chlorella, especially when comparison is made in D20; 2) at low light intensities no difference in initial rate of reaction in D20 and in H20 could be detected with frozen cells, although differences are evident with fresh cells; at high light intensities the percent inhibition of initial rate by D20 in frozen cells is much like the percent inhibition in fresh cells. SUMMARY 1. The effect of deuterium oxide on the quinone Hill reaction of whole Chlorella pyrenoidosa cells is qualitatively different from its effects on photosynthesis.
2. Chlorella cells which had previously been frozen in dry ice were capable of a quinone Hill reaction but there were certain kinetic differences between this reaction in previously frozen and in unfrozen cells, and the effect of D20 was somewhat different in the two cases.
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